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Abstract

‘1’IIc  Voyage.r lI~tcI-stellar Mission tmgan  on Janua Iy
1, 1990, will] the primary objcc[ivc  being, to charac[crim
t IIC intcl plmc(ary mccliuln beyond Ncptonc ard to scat ~1]
f o r  tlIc t r ans i t i on  region bctwcco tlIc. it]tcll)latlc(aly
ll]cfliul]~  and the iotcrs(cllrw  ]ncciiull].  AI (IIc.  start of (Ilis
]nission, (}v2 two Voyager spaccm afl IIad already bc.cn i II
flight fot over twc.lvc ycarx Ilaving  socccssfu]ly  rc[utIlc41
a wfcaltl  I of scientific info] lnalion ahou[ tlIc plane. Ial-y
SySICIIIS  of .)Llpitcr,  Salurit, [Jlanus,  a n d  NcpIunc, :UKI
IIIC  intcq~Jaoctary  mcdiuli] bc(wcc.r~  l{ar[ll and Nc])tuIJc.
Wittl  IIic two spaczcrafl having the lmtcrltial  (0 cxmtinuc
tcto I nin~, scicmc  data unlit llIc yc.ar 20?[) llIcIc is a ili~l]
I ikcl i hood of ooc of lhc two spacccraf(  pchctralirlg, (1IC
to Inination shock and possit)]y  (IIC hc.liopausc  boundat y,
and c.ntcring ir]tcrstc,llar space..

‘1 ‘l]is paper dcscribcs (hc Voyag,c.r lnkn(cllal
hfission - [Im m i s s i o n  olljcctivcs, IIIC. sJ]acccttif[ ard
science payloa(i, the mission operations SySIC,III  usccl to
sof)por-( operations, and the mission opcra[ions str a[cg,y
bcin~, used 10 maxilni?. c. Scicr]cc data rctuln even ill [IIC
cvc IIt 01 ccu {sin potcnlial s]~acccraf’1 sLIl)syslc  III failutcs.
‘1’IIc  il]l])lcll]cll(atic)]] o f  auto] na[cd alialysis tools 10
ol”~scl/cIl;il)lc  rc41uccd fti~ht team s[affln~  ICVCIS  is also
disc u wed

IIltl’odlldiol)

‘J’llc. Voyagcl’ lntcrs~cllal Missiotl (VIM) is [in
cxlcndcd rnissiorl llavirrg (he polcr]tial  o f  cofl[i[tuin~
s]mccvaf[  oJxmtiorls  urltil aloud tlm ycat 2 0 ? ( ) .  ‘1’llis
Illissit)ll  plovidcs  llIc hcli{)splm  ic scicrwc cor[lt]lunity
wi(li at I c.hccllcnt oppm[unity to ol)tair~ in si[u
lllc:IsLIIc’.IllcIlts  of the. subsonic solat wind I)cyotld tllc
Icr Illir]a(ion slIock,  and (Ilc. ir]tcrs(cllar  lllcdiull]  thyoml
IIIC Ilcliolmusc  bounciary. llasc41 on cLIIIclJt  e.s(ilna[cs  of
tlIc tcI Iilination slIock an(l llc.Jiopaosc locations,  ttlc.1-c is

.
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‘Illis paper is dc.clarc.d a work of tllc (J. S. Govcr II II~cIIt
and is not subjc.ct to copyri@]t  pr-olcctior) irl ttlc
Llnitcd Slates.
h4 ission 1 )i!cctor, Voyager  1’[ ojcct
1 k}IuIy  h4 issior] 1 >ircctor, Voyag,c.Ir  1’I ojcc(
‘I’clcco]lll!]l] rlicaliol~s” and h4issiorl Sc.rviccs h4ar}a~,cl,
l’lans  and (;olllll]itl]lcl](s {) JI’Icc

a higtl Jikc.l ihood of a Voyager space.craft Jmc(rating  onc
m lx)tlI  of these llcJiosphcric features I)cforc 2020.

“1’hc
l)y:

(1)

(?)

(3)

Voyage.r lntcr stcJlar  Missior) is CIMJ actct id

scicncc Icquircrncmts  that can Ix satisfrcd wi(ll
scicncc  illsll umcnt obscrvatiorls  that arc
primarily rc.l)ctitivc in oaturc;
Jor~~ r[)tlr][l-lriJ)  -liglt[-titl~cs  co]nplicatirlg
spacccraf[  monitoring and conll 01;
significantly rcduccd flight (cam stafflrlg, levels
rc.lalivc 10 (}IC VoyagcI prime missior~.

‘ll Icsc m issic)n characteristics have r-csultc<l  in
sip, niflcant chan~cs to IIrc methods used to cmciud  both
uplink and dowt]link missior]  oJlcra(ior]s.  Changes have
irlcludc.d (Ilc dc.vcloprllcn[  of  an  crltitcly rlcw Scqucncc
~crlcratiorl process consistent with the rc])c(itivc nalurc.
of d)c scic.occ instrument observations and the rcdued
fli~,l]t (caln staffing ICVC.JS. Ganges  tlavc also bcm
II IaCiC 10 (IIc.  pI-OCC.SS  used for real-tiil)c. Inoniloring  of
Iou(inc  si)accuafl  ol)c[a(ior)s. ‘1’tlc  (icvc.k)pllc.llt o f  till
au[omatcd  alaIIn rllor]i(oling,  tool has altnos[ cliruinalc(l
liw ncmi lot Ic’al-lilllc lllol]itoiil lg,]~c.tsc  )[ll]cl.”  Irl adciilim,
illlrllc(iiatcly  af[c[ tlIc siat[ o f  VIM of)cratio[ls,  (IIC
[clcll]clly :iil(ic c)rllli]allcl systc]osbc.gana  t[allsilion f~orn
i)[i)jccl  (lc(iica(cci ll:itcil!’:lrc arl(i sof(warc  to l]~ulti-mission
Imdwalc  arl(i sof{warc ‘1’llis llansition Ilas bcm
coIItpJcIcd and the tcJct]~ctry and co]nrimrd systcrm am
rlow in a ]ll:titl[cr]af~cc]]llasc.

‘Ihroug,l]ou(  (tic 19 yc.ats o f  flig,ilt, tlIc Voyagcl
s[xiccctafl  (}[7cr:{ti(]rt:il/[  ]cIfc)[lll:itlcc c:lt:ltitclcI  islics  anti lhc
(iround l)ata Syslcm  ([iIM) Cailal)iii[ics  h a v e  clIaIIg,c41
ciratna[ically 11) aciciition  t o  tlm (il)S tlat!si(iorll t o
Il]ulti-nlissiou  Ilar(iwatc  and soflware,  I)c.liodic simcmif(
aIId GIX  c.orlflg,ur  alien ctlanp,cs Ilavc. t)ccn nccc.ssal’y  10
(ical with:

(1)

(2)

(3)

a i>ct[cI undc.rslanciiog of (ilc actual spacecraft
pcrfor  [llancc ca],abilitics;
spaccc[aft  pc.rfornnancc  cilangcs duc to
illc[cascci agc or subsystcrl]  anorl)alics, anti;
si)acccl af[cl~F,  irlcc]illg  cllallF,cs Icsulling  flom
tlIccvcr irlcrcasir]fl  ollcr:i(it]~c tis[ar~ccf roriltllc”
1 kII tlI and SUII.
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III addition, prog[alnll~alic  clIanp,cs rcducin~ tlIc. sim
of llIc f’li~llt Icfiln have Id to bc :icc(JllllII(Jcla[ccl  duI ing
V]M. ‘]’tl~ IIlissioll  illll)ad of (]1~ ILX1UCC41 fll@l( [Call}
s(aNIIIg,  Im Icsultc.d pr imari ly  in Iill)itcd Icducli(ms  in
scicmc Ma acquisition and aaolmrly rcs )OIISC1
capal)ili(ic.s.

Jroyagcr  Mission l]istoI.y

III (lIc. lnid-1960s  (I)C  basic plan fo] a mulli-plallc[
I(NII  o f  IIIC  oulcr so]al- systcm plands  with a  siap,lc.
spwc.o afl was cslablishcd. ‘1’his plan relied on h usc
o f  IIIC ~,lavily fid(l and mbilal vc.locily of a J)lanc.1  t o
m o d i f y  tlIc Irajc.ctory of a spacccraf(  (glavi[y assist),
IKN llli[~in~ a sin~lc spacccl-aft  to acl]ic.vc lnultil)lc ],lanct
clmmrl(crs witlmut larg,c on-board plolmllan[
[cqui[cn]cnls.’ l’ionc.c.r  11, launcld in 1973, was the
fl[ S( slmccclaf(  to usc a glavily assist (0 tr:ivcl flom mc
I]lallc( 10 anollw.r. ‘1’lIc l’imccr  I  1  Ilajccmy  was
taI yctcd to acl~ic.vc. J up i t e r  c.ncountcr conditiulls  tlIaI
woIIl(l  tm(l  llIc spacccl afl’s flight pa(l) and incIcaw its
lm]ioccntl-ic vcloci[y enough (0 deliver it to Saturn.

‘1’IIc IIUIIIl)CI of p]aac.ls that caa bc [c.acllcd u s i n g
this gravity assist tccl)rliqllc dcfmds  on lhc specif ic
~colnctl y of lIIC I)laacls  posit ioas. II was for[ui(ous  ltlal
a I aw (occurs apprc)ximatc] y cvcI y 175 years) al i~nmcnl
o f  tl]c OU(CI-  planc(s,  Jupi(c.t,  Sa(ul n, LJranus,  aJKl
NcpIuIIc 0CCUIIC41  it) tl~c lalc 1970s that would allow a
“(yall(l 10LII “ of all four giant plaac.ls by a sir)~lc
spamctaf(.  III 19 “/2., Ihc Mariner Jupitc.r/Saturn 197”/
(h4.lS77)  projcd  was initiated (o take advallta~c of this
ali~lllllcllt ([)l”iol 10 launch llIc ]mjcct  natnc. was cll:III:,cd
[(> Voya:,cv ). M.i S7-/ was a scaled down vc.I sion of tl~c
lmtul~lial foul- planc[ gland tour ,  it]itially bc.ing Iilrlitcd
10 conduclin~, cxl)]oratoty invc.stigalions o f  l}Ic.  Jul~ilcl’
and Salu I II I)lanctary s y s t e m s  and tlIc itltc.ll)l:tt~c[:i[y
Illc.(liulll bclwccII liar(l)  and Salurl). la e a r l y  1976, (IIC
IIlissi(m ol)jcc(ivcs wc.rc c.xtcl Idcd 10 iacludc tllc possible
V()~il~,l’1’  2 cxp]oralioa of Lllanus  with an Cncoua(cl in
caI Iy 1986. ‘1’hc Ncp[u  IIc ol~tion was ap])rovcd  in 1985.

‘1 IIC. Voyager ? spacecraft was Iaunchcd on AUF,USI
20, 1977 and Voyager 1 on Scl,fclllt)c.r  5, 1977. ‘I’l Ic
lauIIdIcs WCIC  a c c o m p l i s h  u s i n g  tlIc ‘1’i(an  111 1;
CcIItau I 1)-1 ‘1’ launclI  vchidc.  Voyager 1 having bcca
lauI Icld on a llip,l]ct  crmrgy Wijcclory  passed Voya~c[ 2
durinf,  tlIc C. I uisc to Jupitc.r,  a!-rivinf, at Jupiter fll S( 01}
March 5 ,  1979. V o y a g e r  2  ar[ ivc.d at Jupiku foal
II~OI~IIM Iatcl 011 July 9, 1979. 1:10111 1979 to 1989,
VoyagcI ] coIIIp]c.tcd succcssfu] ctlcoualc.rs  willl Jul)i(c.l-
and .Satultl, aIId V o y a g e . r  2  con]plctcd succcssfu]
c.acountcrs  with Jupiter, Saturn, LJraaus, ad Neptune.
IFir,utc 1 illus(ra(cs  tllc trajcdorics  of tlIc. two Voya~cr

s[McccIafl  [II IOURII  IIIc. s o l a r  SYS(CIII  and iacludcs  ll~c
CIoscs( :i[li)lo:lcll( l?ltcs:it Cadlplrmct

I’ig,urc  1 -Voyascr  1 &21ntcrplaactary  ’J’rajcctOrics

yoyagcl’ Spacwrlir(

Spacccrall I)cscliption

‘1’hc  two idcnticzil Voyager spaccclafl  arc. mcdmid
ill hadwatc  :ind sof(walc w h i c h , When Opmtcd by
~,lollll(i C0111111:III(1C41 SC(]UC.IICCS, atc capable of ]nakiag
(Iclailcd sciclltiflc. nwawrcmc.nts  for tlm c.xplomtion of
[lIc outer solal systcII1. W]]ilc  tlIc space.cl-aft Iladwarc
cannot l)c l]wlifid in fli~l~t, otl)c.r tlmo switching to
]L’dLl]ddT](  (I!lits, tl)c sof(walc col~tai[d  ill (he. (hr’~c o[)-
lmad COIIIPU(CIS  is capahlc o f  b e i n g  rc.lllc)~rallllllccl.
‘1’llis ]c[~to:,l:tlllrlli[]~ c a p a b i l i t y  i s  a  ky Voyap,cr
slmcctafl  calml)ililyald  Ia{sbc.cn cxtcnsivcly  used, boll]
dutiag II]c VoyaScr  Juitnmy m i s s i o n  and duling t h e
lnc}):itatior~  for and coll(iud o f  ttlc cxtcmicd Voya~cr
lntcls[cllar hfission.

llcc:iusc of tile ]o1lF, lotlll(i-tri]~-iip,ilt-tililcs  invoivc(i
[lII(JuglIoul ttm Voya~cr Inission, each Voyager
slmccclafl is  ctipablc o f  autonornrws  opc.ration. This
autoaolnous  operation iucludcs tmtll the acquisition and
lralls[llission of scic.nec. an(i crlgincc.lit~g ciata to Iiartll,
arl(i  in suplmrtinp,  an owlmarxl capability to Icspoa(i  to a
II(lt Ili)cl of spacecraft aaolllalics witil I)lcl)rop,r:illl[l[c(i



IL’ SI1OIIWS.

‘1’ltc Voya~cI  spacccraf[  (8?.5 kg including 103 k~ of
Ilydl;iz,inc p[c)pcllano  i s  shown i n  ils in-fli~ll[
ct)[ll”lf,~lr:l(ic)ll  in l:i~. 2.2

Kcy s[mcccrall dmactc.r is(ics include:
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✎

●

✎

✎

●

✎

●

☛

✎

●
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‘1’llrcc-axis slat) ili7alion: sun sensor, sta[
[t ackcl, 3- axis ~,yms;
‘1 ‘w() (lcfy cc-of-freedom scan plat form;
S-trend LII)lil~k/clcJw[~liT~k,  X-banci  clmvnlink;
l’olyson  cicchonics  bus s(ruc{urc  : 10 bays;
i+(iioisoloix  ‘J”hcr lnodc.cll-ic Gcncra(or  (l<’l’G)
lmwcr sup[)iy;
i<cim~l alnn]ablc. colI)pLltcIs: Cmnputcr
~’ommanci Subsys[cnl  (CCS),  lilight l)ata
Subsys(cln  (l~IX+),  At(itu(ic.  and Articulation
(Ion(l  oi Subsystc]n  (AACS);
}Iy(ira/inc  imimision  fw allilucic control and
II ajcclmy  corrcc(ion;
‘1’twr Inai biankcts  anti louvcrcci bays/assc.nlt)lic.s;
i)i~i[al ‘1’ai)c Rccordcr  (iY1’1{):  8 (racks, 536
tllc~ai)ils  capacity;
Six flclds, i)arliclcs and waves instrwmrmts;
i;ivc oi)[icai instl umcnts,  anti;
Radio scicncc.

,...,, ,,,. ,, A,, C,”, .,4’, [(.$, .,0, U, G,, ,\ ,- UC! WVIOLI! SKC!*OMT1*
/’ ,Lwil

1’Ij$$y ltA,  tc, cx, cc,9, Fcr,<”4

‘J
‘ \  -o \  .  OPICA1 CA1lBn.10@’

i ‘IguI  c‘2 - Voyagcl Si~accctaft

over  Ii)c cxwl sc of ti)c nlission, ixxiociic spaccmafl
alll.i ~,loun(l  Systcll) con fij~,ulati(m  cimnp,cs Imvc  iw.cn

mii(ic as a rcsoil  of c.i(ilcl a i)ctmr ullcic.[statlciing of ac.(uai
Spx’ccl aft pcl [0[ IIlan(x cilarac(cristic.  s, Spaccclar[
iKY’fol”lll{lllCC C}l:lll~CS (iUC to lllCJWISCCi a& 01- SUbSySh>lll
a[lolnalics,  (I1 cl)gillccf ill~, cimgcs rcsulling fI OIn lim
cvc[ incrcasinr, (ilsMIIcc  fIolll tile IiaI (i I ant i  SUII. ‘1 ‘1 IC
lIIosl scl ious sl)acccl aft Im forlnancc ciuin~,c  (wcuncd  (m-
lmaI(i  VOyaf,CI- ? i n  AJ)ril, 1978, Wilcll i t s  prilll;ary
lc.ccivcl- allci [i]c (l:~cking 100i)  ci~cuit o n  i t s  back. oi>
lc.ccivcl failrxi. ‘i’l!is double Pdiiurc meant that the upl~nk
caI I icr rccci)lion ca[mt)ili(y of ti]c si~acczraft was rcLiucd
to a imndwiddl  of only f 100 IIz instead of the norlna]
~ iOO Kilz. ‘1’ilis ciiminatcci ti)c rcmivc~’s cai)abili(y f o r
t [ acking tile aiwtiys  present 1 k)i)i)lcr  inciucrxl f[rqucncy
validations in tllc ui)iink  canicr signal. As a result c)f
tllcsc failures, ground  systcn~  mod i f i ca t i ons  wwc
illli~lcm~cn(cci to i~rovicic  the. capability to vary the uplink
cal I icr frcciucncy tr ansrnittc(i  by a l~cci~ S])acc Network
(i )SN) tlackin~ station in :i rnannc.r  tilat prcscntc(i a r(car
corlstant  earl icr frequency 10 the. spamcrafi rcccivcr. ‘J’hc
tccl)niqucs (icvciopc(i  in 197810 cope witi] tilis anorllaiy
iilc still in usc today. Kcy c.nginccrins  cilangcs  rcsuiting
fl (m) a belter un(icr  sumding  of tllc actual si~acccmft
Ircr for-mancc an[i lhc ever inct-casing opcratin~  ciistance,
}1 ot]l the Ilat (i) anti Sun arc. sulllnlari_/cc~in ‘1’at;c 1.34$

iiiR2?cY~ IIcncrit ‘“””
A l l o w e d  rkmckw Iil]lb —, . . .

lll@cmnmd  ImaF,r’  lllori~l)
;ol]]pctisation using ~yro  drif[  (urns

iv7Te-;-~
Illlplcumtcd auIoIIIa{cd o[)-lIcIaId
[) ’1 ’1< IIK)IIK’1 11(1111  Callccllntio]l
:apnl, ili(y
, ~g~~-;j~j,;v-:-~m;fic(l

[lllask’[s  to Ollrliltc  at  ‘1 Illwc

toalws Ialllcr  [lIan tlIc norl] all 10

(racking ior rarli; scicncc
rr!ld targc~ body tracking
for close satclli[e  flybys
Redaccd  IIltcraction
hc(wccn  rhc I Y] 1{ and
rcsul[nnt  spacecraft
IIlolirrn

RFTiiF6-riXliik(lc  corllrol  ‘-
drift rate rcsoltinp,  in
rcduccd  irrmpc sIIIcar

Ill$cc I duling long cxpcrsu[cs—..
F)85 - Vovar.t.r 2- Irnplcrllcn(cd Allowfcd near Sarurrl-level,. .
ot[-lmard rlrm~,in~, data

I
vcIlor IIc of illlor,in~,  data Iu

mtllllrL.  ssion and Rcc(l-  Solwuon Iw rutu[rlcd  a{ [Jra! ius aIId
da(a”cl]rxxlinp.

+5!F’’’’-”-

iqw~~,~ri~ifiic md
illc[cascd  F,yro (Irifl turrl rate colrpcnsa(roa  for close
caml)ility. .

-----l-R%YAr-i~85 Voya:yx  2- hlo(~cd
l’cIIhL\  aII(CIIIIa fo[ Ivlcrnctly  data I rcccp( ion data rates :It
ruL-ci)li[)n ar],lycd will] Cal]llcrra lJraIILIs distance
I)SN anlcnr]fis

I {j~:~~l~r–?  . I )SN (A rrlc(<:;

t-””

]ncrcascd tclcrr]c(ry
dialrlctcr arrtenna< elIlaI:,Ld  1070 rcccp( ion data raks  crt
rt)ctcr  dial] lc[cr

‘ -- J

Ncpianc distance _.—
j ggg . Voyar,er  2- hkdifl;~~Vcry Incrcascd  tclcIIIctry
l,aIsc  Array (V1 A) antennas  for rcccpion  data ra(cs at
Iclcrl}ctry rccc[jliorl  - arrayed  wi~tr NcplLInc distaricc
(iold<[(tric  lJSN rrl!tcn!las—.
‘][)g~ . vc)vapcr 2- l,cnFlllCllCd Nccdcd to accorruwdatl~. .
carrlcra  cxposarc dara(i;n I km~mposm  dara(ion’s at
crryrt)ilrty

–+”’’ - - - - - - -‘] g~g v(~~~i”~l,lc[rlcrl(c(l Needed to rrun]rmze  inaw,c
lv.,o  rlcw  il;m~,c  rrm[irrn”

I
slrwar during lcm~

corllrm-nwlion  tccllniuucs  Ionp, cxposarc  duration’s at
ck]msurc du[a(iml  a[~(an; I N;pranc— . . — . _.. —.. ——— ——

‘1’ai)ic  i - Sun~illar y of Kc.y 1 inginccl ing~, (~ilang,cs



W h i l e  botlI VoyaF,cr  s p a c e c r a f t  h a v e  saslaincd

pat[ial cl)p,inccring sLItIsystc]n ffiilurcs  and pcffofamncc
dcgfadation, cad) remains capable of suppw lin~, llIc
VoyaEcI lntmlcllar Mission object ivcs. 1 Ial’lhwuc

mlutda)cy  and the ability (() rcpIogIaIII  tlIc (M-had
coIIIpLItcrs have provided a(lcqaatc work-atoands  for Ilm
aaomal ics cxpcricnccd  to dale. I lmvcvcr, as a rcsall of
]);11’[  jal Slll)syskm i’ailurcs, sillglc point failm
coadilioas  do cxisl m c:ich spacccmfl.

]1’or VoyaSci  1 ,  a  conIplctc  failarc 01 onc of (IE
I;IJS  com]mlcr  lncnmrics Icsalld i n  a  sillglc-l~oill[-of-”
f:lilarc condilion  tl)at woald hc missim  ca(aslmphic
slloald lIIc. sccmd nmnory  fai l . ‘1’l)c. 1;1)s t-llnclioas
incladc control of all insl[-amcnt  opcralions,  a n d  Il)c
format(iag,  of scicncc and c.nginccring,  d a t a  f o r
IIallslllissioa to liarlh. “J’hc.  Clll’1’cnt  I il )s pmgl all]

ulilifcs  csscnlially lhc mnpldc rcmainiag lil)S
l)lcl))of’y. A s  pro(cdion a,gainsl parlial l o s s  of tl~c
Ianc[ioaing Iilcmoty,  a n  I:IXS pIogIam lIas b e e n

uMIstIack(l, will) lilnilcd capab i l i t i e s  for ins[ralmlt
qwtalion  and dnta lomalling,  tlla( lcqailcs oaly half of’
tllc 10)s II)cllloly. la the event of a par(ia] 1 ‘1)S
mclnot.y  fail am, this progt:im could bc lmlcd  into the
ful~ctioniljg  lx)rtion  of (hc memory 10 con(inuc Voyagcf
I operations. A  s e c o n d  Voyagct  1 sit~~,lc-]loit~[-(~f-
failure is ia tlm Radio lkcqucncy  Subsyslc.m  whmc onc
of the X-band  traveling wave t abcs (X-’I’W1’)  has
dqdd  to a near lailcd coldi(ion.  ‘1’hc sccmd X-’l’WI’
t]as bc.cti functioning conlinuoas]y siwc  1989 will)oul
any indication of dc~tadat ion,

1 I’01 Voyager 2, (Iv2 prcviousl  y discasscd lcccivcr
Jailutc resul ts  in  a  sillglc-])c)il] t-of -f:lillltc  mdilion
w’hicll  could r e su l t  i n  t he  tolal 10ss 01  comtnaad
Icccl)tion capability. ‘1’his polcntial  Fdilarc has been
of’1’scl  by tllc on-boat’(1” scqucncc capabil i ty (10 bc
dcscl’il)cd) tlm( will maintain scicncc dala acquisition
until alxmt 2020 even in lhc event 01 a Jztilatc of Il)c
rcnlainiag,  rcccivcr.

l’ayload 1 lxcriplion

l)ut ing (I)c  Voyag,ct pl imc mission, clcvcn scicncc
invcs(iga(ioas Wcl”c SLl]>])OftCd by Iwclvc scic.ncc

i  nslran)cnls  CaII  ic.d on-ha d  cad) of tllc Voyag,ct
Spacccraf(,f’ l{ccaasc of the na(urc  of (I]c VIM (a fIclds,
pal (iclcs, and waves mission), only sc.vcn  of tl)csc
illstrall~cn(s  arc apptopriatc  fw addressing. the \~lh4
scicncc ol)icc(ivcs. ‘1’ab]c ?  idcntiflcs cacl) of IIIC
lmyload instramcnts  supporting the Voyager ln(ctslcllat
Missim and  p r o v i d e s  a  bl icf dcscliption of IIlc
imslrulllcnls  pcrforlnancc,  charac[cris[ics. All  SC\rCll

ins(t alncn(s,  will] the cxccption  of the 1’1 X on Voyagct

1, at-c opcratiay, satisfactorily on both spacccldf(.  ‘1’llc

1 ’ 1  .S m)  Voyag,cI 1 saflkmd a ]n:ijo]’ 10ss of scasitivi(y
slmlly :il’(et [lx Saturn cncounlcf. ‘1’hc ias(rumcnt

I!)  NIUIIICM I Chaltic(ctis(ics
hl;t~,t)clcr[mw hfcasulcs Ihc Ina:,rlilil(k :Illd  dilc.clicrll  Of  —

(hl AG) ]Imptlc(ic  fields bc(wccn ().()()6Y  and 2X IO(Y.- ~__] ,0 V,-] 4.11CI  F,y

T’

h4casurL.s inlcusitics  o f  clIaIg,cd pa[licl=
~tlnlpcd  l’ttl(iclc lt,i(l}  c!lc!gics f[ult~ alK~uI  30 kcV to 100McV
(1 .li(’P) f{,] ims,  :md aku( 2 0  kcv (o >]() hlcV fol

I Clccllolls,  I’lovidcs  Spcdlttl,  :lllF,u]~l,  Zlll(l

cotllt)osi(io!l:il ir)fo[l]mtioll about lIIC

4 pa[ii(’lcs.

I’lmlll;l-  —V)clcds  Imsiliw ions a r i d  Clcc(lol)s will] —

(1’1.s)

[mnic Ray —

Sutlsyslc[ll  (cl<s)

c[lc[g,ics”-j~cl  -ctlatg,c fIoIn  IO V m 6 kV.
l>lovidcs pl:I*III:I  dcusily,  wlwily, nnd
(c II Ipc  ItIlu  Ic in fotlmlioll
hlcawtcs  thC  CllClyy  S])CCII(IIII  Of CICCtl(Ml<-”
fl(~[t) 3 hlcV to 110 hlc},.  hlcn<uics  It)c
cnc Igy spccha aIId CICIIICIII:II corlqmsition  of
all comic my nuclei f[oll] hydrog,cn Ihrouffl
i!o!l OVCI an cIIcIg.y IiIIIgC of = 1 h4cV/nuc

liiE:G---
ttl! OLI h 5(K) h’lcV/nuc.
hlcawlcs (IIC clcclric  field COIIIpOIICIItS  of —

l o c a l  plasllla  W a v e ’ s  C)vci  the f[cqucllcy

ItIII  ,L. cx(cn(l  in, f[otll 10 }IY 1056 kll~.
hlc:w[~s the SPCCIIUIII,  pohizdi  o-n, M

----–~-

A< IIonoIIIy Iilllc slluctulc  of radio clnissions  ill lhc
(l’l{A) flLYl(lC[lCs  ltlllF,C  f[O[ll  ] .2 k}l~ (0 d(l.~ h411/.
Llilliiviolc[ hlca<ults ultmviolc( radiotio]]  ill (IIC 500A” “t;
S]lcc(lolllc(cl 1 700A” IilllgL.
(lIVS). . .— —

‘1’able 2- Voyager lntcrstcllar Missioa l’ayload

‘1’hc LJVS remote sensing ins(tumc.a(  is moantd on
:1 Illovablc Iu’()-(lcg:l’c>c-(  )f-flt’c(l()l)l  s c a n  I)lat form. ‘1 ‘hc
otlIcI V1h4 ins(rat))cnts aIc t)()(ly-]l)()lll;(c(l  i n  a  iixcd
oricn( ation.

Yoyagct’ ]utcrstcllar M i s s i o n

s~icncc olrjcc(ivcs

AI the s(ar( of  the  VIM tl)crc WCIC  (WO scicmcc
objectives being, addt’csscd;

(1) 'l`(~irtYcs(iga(ct  llcitl[cr}Jlzll]c[aly:i llclill(crs(cllar
media, and 10 characlc.rim lhc iatccaclion
bc.twccn  lhc IWO, and

(2) 'l'()c()lltitlLlc tllcsllcccssflll  V()y:l~cr l~l()gt:{l~l()f
ul(mviolcl  asltonomy.

llotllo ftllcsc(~l>jcc[i}  cs” WIcrcsLIl)]~otlc(l frwll  1990
utllil 1993 wllcn a ]Jrogl:tlllt]l:ttic change was IIladc by
N A S A  llcadquarkm  dclctinx (1Ic. ulhaviold  as(ronomy
ohjcclivc. Llltmviolct otmwations  con(inucd  itflC1’

1993, :lll(l:llcs( illllciilgl> ctforlllccl,l)tll oaly in sappoll
of’ objcclivc ( I).

Sl>ccific scic.t]cc olJjcc(ivcscl  lrlct}lly bcins addkxcxl
and the invcs(igations  contributing 10 cacll objcclivc atu
dcscribcd iarl’ablc3.



t
willl  inc[ca<in~  (tisl:illcc  floll)  Ihc Sun
(TISCIVC  sotat cycle v:lrinlioll  in lhc dis(all(

1
llwcllanisllls and lJlasIIIn ttlcll]mllzalion
llwctmnisllls  in ltw  illlcrplanc(ary  nwliulll
$XaILII joI cvidcocc  of iolel>(cllar  lIyd Iop,clI
and hctiut[l  floln ltw  in(m(ctlw wind.—
OIWIVC  and ctm[ac(t.riw  (he tcr[l]in:!(ior]
slIock of lhc  supcI mt)ic  sota[  wil)(t

I—.——
(lIaI  actcI  IK (k suhsnl)ic solF\TTT@RT
lIIL tcrlllilm(ion shock
OlIscI-vc nlld cl]al:lclclizc Ihc hcliopwsc

r -—
(’llolac(clizc (IIC lGEii%=iTFTiiF—
Olld msocialut  radio  cwissiom

F()(ISCI  w itldio cll]issio]ls  flo[ll (l IL: SUII arid
sol:II wind
Mi-iiFFIiRIIC ul(rt!vickl  crllissiom  of
Ill. S(lll
K::ll<tl f[tl ill(cll~l;lllc(aly  and intcrs(ctlm g,a<

“4
~oM[itmlin:-
lnv~,: [lions—.

MAG,  P1.S,
1 .1:(’}’, 0{s, I’W’s
hlAG,  PIS, —

1 .11(’1’, Cl<s, I’WS.—
h4ACi,  I NC I’,
(1:s, I’WS
“1 ,Jrl’,  clw-
MAG, l’] .S,
1 .1;[’1’, [’1{s

-1
UVS,  P1.S, ‘—
1,10’, (’1{s
MAG, 1’1.S,
I .lrl’, Cws,
1’WS, I’RA—-..l —
hlA(], P1.S,
I ,1;0’, Cl{s, I’ws
h4AG, I’I.S,
1,1 L(’I’,  cm, 1’WS
h’tAG.  I’l S. ‘- -

1 .lio( 0<s,

-i

1’WS, I’I<A, llVS
I’RA,I’WS  —

1
——

(Ivs

— . — — — .  _ _ _
lIVS

—-- — - - — _

‘1’al)lc3-  Scicllcc  C)l)jCc(ivcs: \l)Cllllvc.stig,:  \(iolls

‘1’hc two  Voyag,cr s p a c e c r a f t  m pat-saiag (Im.sc
scicmcc ol)jcdivc.s from  positions almvc and below the
cclip(ic  plane. ‘1’l)c Voya~cr  1 Sa(arn flyby lcsal[d in
[llcs]~:lccct:lf ll>citlgc lc.flcctcclc )tl(c)f Ihc ecliptic plaac (0
llw amtllat aa atlglcof35.5°  ill the ~,cmral  dircclioa 01
tltcsolarapcx.  Voyager? lt:lsclcflectccll) yNcl~t LJl~cil~ a
(Iilccli(m soallI of Ilm ccli])lic plain al an angle of 48”
awl almu[  900 away from the dirccl ion of’ Voyager 1 .
lii~,urcs3aad4 illusttatc  spacccraf(  hclioccnt[ic  distaacc
and hclioccnlric latitude (with mpccl 10 [hc ecliptic
plat)c),  l(igtllc’5i t](licatcsll)  c(lisl:il)ccc:(  cl) slmccctall  is
out oftlIc  ccliplic plane.

,,, ,, ,,, ,, ,,, ,, ,,, ,, .,,
160 J
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f 00[) 2000 2006 20!0 2016 2020

VAT  E
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}(ig,uw 4- }Iclioccll(lic llcliptic 1 +Ilitadc
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1995 7000 2CIC15 2010 201!’ 20?0

DA1 t

}:igurc5-  l)isl:lt]cc Ollt{~f }icli])[icl’lallc

Rcccnl cs(it]]atcs, b y tllc l’lasma Wave
lavcs(igalioa ‘1’cam, of the tc.rminatioa shock loca[ioa
]tlng,c I’1011)  W (o 115 aslmaomical  uaits ( A U ) ,  d
c.s[imatcs  of tllc hcliopausc  loca(ioa  raagc f rom 110 to
l(~OAU.7  ‘I’IIc CIOsi]~icl <:iyIl~vcs(ip,:  i{io[~’l’czill~”  Icccatly
Icpmlcd  aa cslilllalco ftllctcr lllitla[iol~”  shock Iocalioa  ia
1994 at85fl 5 AU.* ll:]sccl {~l~(l~cscc  s(ill~z](cs,  rcachil~g
IIIC tcmniaatioa  slmck awl the hcliopaasc with ot]c of Ihc
VOY:IF,CI  Spacccl”af( lnay bc achicval)lc w i t h i n  t h e

lNojcc(cd lilclimc  of lhc spacecraf t VOya~,cr I i s
carica(ly 65 AU from  the Sua, Wavc]itlg al a speed of
3,6 AU pcr ycat , and will roach 150 AU in [hc y e a r
?()?(). voyagct’  2  i s  cawcnt]y 49 AU from lhc ~LIIl,

(Iavc.lingat nslowcrspccdof 3.1 AIJ pcr year, and will
I’LXICI)  125Al  J illttlc. yca12(120.

l(tllc locations of llIcsc two l]cliosphcric  fcalulcs
atc acal IIIC  low cd o f  t h e s e .  cs(il~la(cs, 80 A U
(~crmiilatioa  s h o c k ) ,  I1O AU (hcliopnasc),  VoyaEcI 1
vmuld rcacl) the tcrlniaa[ioa s h o c k  in 2001, and Ihc



hcliopausc  in 2009.” Voyap,cl 2 WOLl](i ILXh thC
(cra)inati(m slm-k (Iishacc ia ?(KKs, and lhc lwlio])aasc

(Iis(anccia  ?015.

]’taasitioa  I() the Voyager ITltc.rs(cllar Mission

‘J’llc (wasi(ioa frolll  tlm Voyagclprilnc  nlissioa (0
t h e  Voyap,cI latcmtc]lar Missioa iacladc(l si:,aificaal
chaagcs ia a l l  at’cas of missioa opcratioas. lnilially
lhcsc Chaa:,cs iaclLl(lc(l:

●

●

✎

●

●

●

g,rcatly  rcdad fiigh( t e a m  s[afflag  coasislcat

w i t h  aa  CXICIKM ]nission ofrcdLIccd complcxily;

lraasilioa lrotlll ~tojcc(clc (licatc(ltcl c.t~~ctty:~l~ (l”
collltll:lll(ll ]altlw:lrc:ll~(l  scjftw’atctoalllLllti-
lnissim  set (Jfllar(lw’:llcatl(l  sof(wafc;
cx(cl~si~’c  l-c-ct~gil~cct il~g, cJftl]c Missiol~ Scqacacc
Subsyslc]n  (MSS) to simp]ify lhc scqacncc
generation pmccss,  and coavcrsioa where lcasit~lc.
f] on] a main ffamc. compulcr  10 a ac(workcd
pcrs(mncl  Complltcr  (1’(:) based pla[ 1010)”;

col~figllr:lli{ J1loftl lcsl>acccral[I;l  lS” sof[warclo
rc.llcd Ihc planned ias(romcnt  opc.ra(iag, mode’s
and downl  ink data rafts;
dcvclopnlcat an(i illl[}lclllclllillioll olthc capability
IO SIOIC.= 30 yc:\rsof} liSll(iaillA t~tcl~t~a
pointiap, information illtllcC;CISlllct]l{)ty;
illl]~lc.lllc.tlt:]tioll  of a ncw spacecraft and
instrolllcn( sccl~lcllc itlg, tccllllic]llc cc)llsisttllll will)
tlm rcpctilivc aatutc  of the planacd scicncc data
acquisilioa  Stl’21tC.F,y.

‘I’l]csc’ ilJilialcllallgcs  kt’ctcsllcccssflllly  accomplis]lcd  ia
tlw 1990 - 1991 time period. IXlriag the 1992 - 1996
lil~lc pcrid other sigaificaat chaagcs lmvc included:

● addilioaal rcdac(ion  (SO%) in fliglil  (cam s(affiac
s i m;

● illiti:ttc(l  tllctr:ltlsi[ioll of tlmcolnplclc  set of
MSS soflwarc to a UNIX pla(form,  utiliz,inp,
mulli-lnissim  corcs{)f[w’tlrcw  llcrca]l]>lo}>ti:ll c;”

● dcvc.loped and implc.iucatd  aulomatcd alata~
ll~ol~i(olil~gal~(l”  no(ilicatioa capability torcdacc
tl]c ncccssal’y rc.altill~cl llissic)llc  olllrol” supImI[.

Nlissi{m._fJIJcral~o])s.. Systcm

‘I’l~c. Voy:lp,crM  issiO1~ol ~ctatic)l~sSyst  cll~ (M(X)  is
tllc col lect ion of llal’CIWiU’C  an(l sof tware,  facililics,
pCISOIIIICl  ,  an(l  ptoccdutcs utilizccl to lcmotc]y mmitor

all(l Coall’ol”  tlm V{)yagcl spxccrafl aa(l (Iclivcl” Ma

ptmlac(s to cap,iacctin,g aa(l scicmcc uscts. lwladcd in

lI)c MOS alc the (;1)S, which makes cx[casivc  usc of

.

iastilufioaally  suppor[cd  m u l t i - m i s s i o n  gfoLIa(l (Ma
sys(cIII clcl))cnts, lI)c VoyagcI  flight (c.al)), ad a matLuc
collcctiot)” of opmting procc(larcs  that have evolved
llltoLlgl)out” IIlc missioa.

fi!ollrd.  l)a(a Systcm

]) L1l’illg ttlc Voy:\gcrl llissioIls(O  Jll]Jilct aad Salara,

ad t h e n  01) to Uraaus aad  Ncptanc, tlIc GIJS was
flcqacmtly mmlificd  10 iacorporatc  capabilities based 011
a c w  missioa tcquircmcn(s, aad to :Kki  pclrbr’maacc

cllll:lllcitlgfcat~ltcs. }lowcvcr,  the overall awhilcctuw of
II)c [;])S rclmiacd Iat’gcly uaclm)g,cd f r o m  lauach, and
W’as lXISC(I  latgcly 01) custmni~cd Illissiotl-(lcclic:ltc(l
I)rcmssors  fw mosl rca-time fanctions (i.e., tclclnctry,
comlnaad),  and batch-oricatcd maiafratnc pmccssiaf, fot
sLIpporl  of nomrcal-time. funclions  (i. e., scqacaciag,
tla~ip,:~tiol~, cx]>crill~ct~(  rccmds  gcacralioa) As VoyagcI
cntcrcd the VIh4 cra (1IC l’ro.jcc( planmxl s i g n i f i c a n t
clmag,cs in how mission operations woald bc coadacfd.
‘J’llcsc  pkms iacla(lcd Ihc rcdudioa o r  clilniaalioa  o f
sot]lc(  il)Ssl]l)j)or[] cc]Llircl)lctl[  sal) (l” Ihcadditioa  of nc.w
]c(laiwncals  to S11[)1)01’[ a  cwnplctc.ly mcag,immxl
scqucncc Scacfation pmccss. ‘J’his  coaplcd willl a
dccisi(m l(~c.lilll  itl:ltc lllissioll-clccli c[llc(l  sys[cms  in filVOl

o f  acw m u l t i  -missioa  capabili(ics  lc(l (() a n)aj(m
ovcd]aul  of’ t h e  G1)S. A  SUIIIIII:IIY  o f  G1)S
lno(lifica(ions siacc (I)c  bc.gianir]s  of Vlhl is Imvidcd  ia
‘1’able 4:

—.
Cm-hllsyslcm

Tclcl]lc(ly  –

T%llll]lml ‘-–

Tlw’killg –

-..
Navisal  ion

-SCqw’lm  –

Xpaccclaf(

Analysis

.  . — — — .
l)ata }{ccol(l\

Mmlif--[(akvtl
T,lilllillalcd llnivacnnd Vax-tRFTiRRY

:II! t,.alti[llc  iclctllc(ry ]>l,)ccssit]g. ““
Iililni[l:l(c(l  l]]aitlfr:ill]c-l):=r~s an{~
(I:lmitioncd  to AhlhfoS  for WPI)CM of
Collllll:l]l(l t];ltlsl:llioll  and F,loUild  COllllllml

fllc :Cllcl-iiti(m
l;lill]il]:llccl  lcc]~lil,ll]cllt.  fc,l suplm(ofllli<  -

Suhsyslc’m
ILlill]it];\(c(l Iccl~litelllc[lts f[)l suppoj (ofthis
Sul)sysk’  111, ———...——-
l:litl]i[]:tlcd  ]]lni[lfltill]c-l):l\c(l  scquc IIcc
S[ll)syslclll  and Icplmct W;(}1 a Ilclwwtkc(l-1’(
syslcIII. Sof(walc  cc)ll]lllclcly  lcdcsig,llc[llc)
Sul)pcll( llc\v  Scqllcllcc F,cllclillioll  S(latc:y.
l;lilllioalcd ll]aillfl~lll)c-t)2<c(l  ploccssin:, -

Co]l)pm)cllts  a n d  Spcml pulllos?  jlroccssol  >..

A(I:II)lc(I  Ahfh40S  catml~ilitics  fol slmcccltlf
anal .sis SII )  )011.

lilillli[]alcd lll:lirlfl itlllc-t>asccl syslctllal]Ll  –

Ic. plawd willl  a f i l e  scIvc I alcllilcc(ulc,
Rcplficcd  old clnla rcco]ds sof(w,arc ~vi[l) n
]lliktol  L. of Ah4h40S  so f(w)a!c  aIId nc~v
cuftollli~cd  softwnlc  call:ll]ililics,
ILlil]lirlalcd  rc.(](lir~ll]cljtxf[lr  sup]m(ofttlis

-—-

Syskll)

‘1’al~lc4-VJM CiI)Sh40cliflc:~tiot~s”



‘1’day,  the suhyskm  thal comprise the Voya.gcl
cil)s al”c tllc ‘1’clcmclty,  (k)llmmlld, Scqllcllcc, Spm’1’afl
Analysis, and IMla Rccmds. ‘1’hcsc  satxyslcms  am
dislt ilmlcd across the glol)c, from tl]c I MN hackiag
s[a(ioas  (o the facilities a( the Jet l)mpulsioa 1 dmatoty
(Jl)l ,). ‘1’lm GIJS cm pt’occssiag  clcmcnts arc of t h e
saII)c ]iacag,c as t h o s e  suppor(iag  ~assiai,  (he. Mats
program,  and o(hci ncw Inissions, and arc k e p t  clll’1’cnt

lllroNg,t) at)  aclivc tcsl p r o g r a m  providinx pctiodic GI)S
llpy,l’adc.s.

(k)llacc(ivi[y  bdwccn tlm l)SN sla[ions and tlm
local (il )S al J1’1. i s  accomplisld v i a  (IE Gmmd
[Iollllllllilic:llioll” l:acili(y ((iC3i). Nc[wotk
collllllllllic?t(i(jtl  liaks pmvidiag  missioa su}ym ( iacludc
a ‘Lcli(ical” 1.ocal Area Nctwwk (1 .AN) which cmacc(s
all Voy:lgcr-lcsi(lc]~t clcmc]l(s (al>l>loxill~:l(cly  25 lJNIX

works tali(ms) of the GI)S. ‘1’his 1 AN i s  cmncc(cd
act oss a gamvay to the ~X3 i and 10 Ihc 1 )SN t rackiag
sla[ims, ml i s  (I]c  c a r r i e r  o f  imwmiag  spacccmf(

tclcI)IclIy  aad  scicacc (Iala, ml o f  oulgoil)g command
[mll’ic.  Gnncdcd  to (Ilis 1 AN arc all the mul[i-mission
LY)IIIp(mcI)ls  o f  h GIJS, a s  vdl a s  olhci gwtcways
Icadiag to olhcr ptojccts and t h e i r  lllissiotl-clcllcll(lcllt
1 ANs,  1 ;igurc 5 pmvidcs  aa ovctvicw  dia~,ram of the
Voyagcl’ (;1)s.
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I ‘igurc 5- Voy:iF,C.L  [i] )s

AML40S  tclcnlclt”y ptmcssiag  clcmca(s ((ilti,
‘1 ‘IS): (1) dctcd ad mmovc frame ml packet forma(
slt udurcs; (2)  mmovc dala ttaaspml  atli facts ad da[a
tcduadaacy,  ad; (3) pmvidc rccovcry  froln  10s[,  n o i s y
and disorgaai?cd data. 1 )ata arc broadcast over IIIC  1 AN
10 project workst at ioas in Id-t imc ard also slowd in
tllc (~1)11 for lalct access. Workslalion  access 10 mlricvc
aon-rc.a-time data uscs the data lctricval  tools IJN41) d
‘1’1)s.

‘1’hc  Voyager 1 M a Rccmls  Subsyslcm (1 )1<S) has
evolved  ftom a  pr(jcc[-uaiquc maiaframc proccssil~g
syslcm 10 a k~orkst:llioll-t~asccl” serve.r capabil  it y. “1 ‘hc
I  )1<S “scicncc. scrvct’” i s  coaacclcd  10 flight-crilical
poltioas  of  lhc GIE through a galcway to s a t i s f y
sccari(y m]uircmca(s. (kmacc[ioa  in this mallacr
allows (hc scicacc. commuai(y  lilllcly aacl llllcoil~l}lic;llccl
a c c e s s  (0 scicacc  procc.ssing  fanclioas, s[otd da(a,
staadml  displays, c(c. ‘1’hc  serve.r pmwsscs  law scimcc
ad inslnlmca( hcal[h  moai[o ring dala, and p r o v i d e s
Sholt (CIII1  (klt:l  SIOLYLF,C. ‘Illc Sclvcl Sllppol’ls tllc.

~cacra[ ion o f  1 ;xpcrimcnt  1 Ma  l{ccords  (t)otll quick-
Im)k  and flaal) which arc clcc(maical 1 y hal)srcllcd m tlc
scicmcc team ins[i(u(iot)s.

‘Ihc Scqacncc Subsyslcll]  r e l i c s  on a  mixtarc of
~~oy:lgcr-lltli(]llc aad mull i-mi ssioa scqacncc gcact:i(ioa
Sot’lwatc. A l l  LWII)POIICI)[S  of tl]c M S S  imrc
[ransi[ioncd, or arc in the pt-occss of transition to UNIX
l~latfmns.  ‘l’IIc V(Jytigci-Llt]ic]Llc  conlponcnts provide for
scqucacc  block paramctct  dcfinitioa & cditiag, scqucncc

L’ol)S~l’LIC(iol)”  aa(l sc4]11cmcc vali(lalion. Multi-mission
Comp(mcn[s intcttacc to (I)c f u l l y  multi-missioa
(:olnlllalld Sllbsystcln  Wllcl’c Lwmmaad  fymcral ioa,
[ransla[im, Ir:iasfcr (O  a IXN  station aad diatioa to the
SIXICCC1’af( OCC111.

It was  mcatioacd ea r l i e r  lhal VoyaF,cr  acti vcly
patsucs a tcs(iag pmgr:im to maintaia carfcacy  with (tic
lalcsl mulli-lnissioa  capabilities. ‘1’his  is accwllplisllcd
with ll]c use. of a lc.sl bcd where ncw sof(wam is inslallcd
ad basic capabililic.s tested ia a fligllt-like cavil ot]nlc al.
‘1’IIc  Voyagci  tcsl bcd is typically compmcd of several
flight workstations and a file sctvci. ‘1’tlc test  tK41

coaflgaratioa  is tfaasilory, aad at completion of aay test
activily, workslat  ioas arc rcconflgurcd for fl igll( suppml
usiag Illc currcal opc.ralional  vcrsioa  of (il X sof(warc.

‘1’tlc  Voyag,cr  fl ip,ht t e a m  organi7alioa Il:is cvolvc(l

from a lnul(i-tc.aln  oqytnintioa  at tlm s(att of the VIM
10 h cmica( sing,lc  (cam  organ  inti(m. i n i t i a l l y ,  tk

flighl tcaln was organi7cd  alot]g functional liacs w~ttl a
Sc.qacncc ‘1’cam, Spacccdl  ‘1’cam, Scicncc ‘1’cam,



Missioa  Cha(tol ‘J’cam,  Navigat  ioa ‘J’cam,  aad a J Ma
Maaag,mcat  ‘J’cam.  with a  slaffiag Icvd of aboaf SO
pm~plc, iacludiag lnaaagcmcmt fuactioas,  fliglll [cal)]
Inca]bcrs  tcadcd to spccialiyc ia spcciflc (ccllaical areas.
‘J’here was some, hat limitd cross traiaiag, of people (o
pcrforlll multip]c faadioas.

With lhc slaffiag duclioa ia 1993 to a flight tc:iln
ICVCI of about  ?5 people, Ibc. orgaai~a(ioa  aa(l  tlm  level

os c r o s s  traiaiag  cllaagd sigaificaatly, ‘1’IK’
w paainlioa bccamc p r o c e s s  oticatcd wi(ll oal y two
(cams, aa Upliak ‘J’cam aad a  IMwaliak  ‘1’cam.  ‘1’IIc
Navigation ‘J’cam, coasistiag  of oac pcrsoa, W’as
clillliaa(cd at this time bccausc of the stability of tlm
oll)i( clc’[c’ltllill:ilioll  solatiotis ad a  ttajcdory  cslilnatc
Ilal( woa]d s a t i s f y  Ihc ]nissioa rcqailcmwa(s foI tl)c

(Ialatioa of VJM. ‘J’hc  Uplink ‘1’cam had mpoasibility
(ot all faac(ioas  ncccssary to gcacratc  Spaccctafl cvca[
scqacaccs  ad commaacJ l oads , ad 10 t ranstni [ ml
coafirm commaads scat t o  tbc spaccctaf  L ‘Jhc
JX)wnlink  ‘J’caln ha(i mpoasihilily for  the captain,
coa(iitioaingt and delivery of scicmcc [id aaciliary  ciala
cmnlllillc{i  by (I)C  projcc( to (Im scicacc (cams, as wcii
as ali c.agiaccriag  (iata rcquirc(i for nloailoriag  Ilm stalas
of the Voyager spacccl’afl. ‘1’im I)owaliak  ‘J’can] also
p e t  fotlllcd  aaalysis o f  ctl~iaccriag, Iclcmclry dala 10
(ictclllliac spacccraf(  aad ias(rulncal pcl”fomaacc  ,WK]

inllil.  11 also plovi(ic(i ia]mls 10 tile uilliak process for
lIw (Icvclopmcal of spacccraf(  scqacmms 10 oblai a lIIC
nck’cssary cagiaccriag  (Ia[a to cvalaalc spaccctaft a n d
ias(ramcat  pcl-formaacc aa(l l)callh. ‘J’iIc IX)waliak ‘J’caI)I
aiso ptovicicci spacccmft s(atc aad sla(us data 10 ])wilic[
spicccrafl  l)clmvior  fot rc.al time moailmiag.  With (Im
I W O  (wan orgaaintioa aad 25 mcmbct  fligll( (call}, (I)c
IIlajolily of lligllt team pcr’smacl  had lcs[>ollsil)ili[ics  oa
i~oti~ tim Upliak ‘J’cam mi ti]c Ihwaliak  ‘1’cam wi(h
t e a m  pcl”soaacl cross traiacd t o  pcrfom  mul(ipic
q)ctatioas  fuactioas. ‘Jllis cross ttaiaiag,  colnbiacd
wi (i] lilt {iclc.t ioa of sclcc(c(i lower }wiorit  y oi>cl a[ioas
(asks, w a s  csscalial 10 :Iccolll]>lisilillg, ti]c ac.ccssary
faaclioas  with the Iimiicd pc.rsoaacl  ava i l ab le  fot
mission opclatioas  sappml.

With aa cxpcc[cd fatlilcr lcdac(ioa ia flight team
s(afllag ia J  998 to 16 - 18 mcIIlbcIs, tile fiigh(  (cam
\$’ilS  mwgaaimi  ia mi(i J 996 to a sil]p,lc team
oly,:llli~tllioll.” Wililc t h e  staffiap,  rcdaclioa  i s  aol
aaticiJ~a[cd b e f o r e  mici 1998, (Ilis c.aIJy chaagc wiii
pl ~wi(ic. valuable cxJmicacc  hcforc tim staff (iowa occars.
Addi(ioaal c r o s s  (raiaiaF, aad combiaiapj of faactions
wi i i I)c acccssary  to assutc al I acccssaIy  opcla(ioaal
(’aaclioas arc ]mrfommi.  1 ‘igurc 6 dcscribcs Iim sitlglc
(can) olp,aaimlioa aa(i Il)c lnajor faaclioas  im I_orfncd  i)y
tile fii@t team.

[.7Plojc(v BPlojcct

Scicnlisl Mmlgcl

1

Alul[i-hlissioa

Sappol I -“--EZ!I

Voyagct  1 ‘Iighl ‘1’cam

●  J;]irh[ ‘1’cam  hfanflgcmcn[

●  hlissioa  l>laoniag,
● Sys(ca)s Aaalysi  s/Mission CoIIt  Iol

. Scqucacc Gcncldion

. Spacccttift  Subsystcm Analysis

● J):i[a  h4at]aF,ca]  cat

●  Nctwwtk  A(ll]]it)istt:t(ioll
● ,Soflwat  c h4aiatcaat]cc

. N4tllli-tnissioa  Suppm[  [lmrdinalim
● I’ublic oalrcach

1 ‘igarc 6- Voyager l’mjcct  0rfy7ai7atioa
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J )a[a Acqaisi[ioa and J)clivcry

J M(a ac(iaisitim  aad dclivct’y is the Jmyof[  for ally
space scicacc missioa. I t  coasists  of  ali groutd aa(i
slmccclaf( opcmtioas acccssary  t o  Jmfmu lhc dc.simd
scicacc obscrva[ioas,  (itiaslnissioa of lhc scicacc ciata to
the groaa(i, captaliag  the data oa the groua(i, proccssiag
lhc ciala, :iad dclivcrias il t o  tbc scicwc  invcstip,alioa
tCilll)S for thcit aaalysis.

~cqucacing SIIatcgy

Kc.y to acqairiag ti]c desired scicacc obscrvatioas
al)(i  maia(aiaiag  aa a(icqaatc  icvci o f  missioa a(iapl[vily
iS tilC SC(JllCl)CillF,  Stl”:ltC~y. llccaasc  of [iic Iilnild fiigi][
[C:lll) Icsolll’ccs a v a i  lablc f o r  spacccraf(  scqacacc
~cacralioa, tilis s(l-atcgy has  t o miailni?c, t he  labor
lcqairc41 wi~iic salisfyiag ttm scicacc (iala acqaisitioa
lcqaircmcm(s  aad flighl sys[cm hcalli~ ad safdy
car, inccl-ia~, acxxis.

‘1’im scqacaciag sttatcgy cmi>loyc{i  for tim VJ M is
(Jaitc ciiflct-cat from tile stta(cgy ascd dariag tile Voyager
pt imc missioa. l)ariag  ti~c prilnc missioa (prc- J 9 9 0 ) ,
ti)c scqacacillg  stralcgy iavolvc(i pcrio(iically scmiiag a
gy oui~ of commaads  (commmi  load) (0 lim spacccrali
that woald  Coa(to]  its operation for a spccific(i pclio{i of
titnc. ‘J’i~is l ime i>criod coul(i Ix as macil as a fcw
n)oa[ils  darias  ti)c ct aisc bclwccn  i>laac(s, to as lit(lc as
several hours scar lilt  spacccmft’s  cioscst appmacb to a
plaacl, ‘J’lIc.  colnll~an(i l o a d  wllcclcd (IIC dcsiw<i



‘ . .

spaccclall  sc{]llctlcc-c)f-ac( ivilics  (scqacmc). ‘1’hcsc’
scclLlcl]cc-cJf -:ic(ivilics  were, ia gcmxal, a series of mc d’
a  kind instrumcat  ol~scrvations, with each sc41acncc
I>cing uniqLlc in natLIrc. IIccausc  of’ t he  flcqacacy of
colmnatd  l oads  ml lhc cmnplcxity ad uaiquc.ncss  of
(tic Scqllcaccs, Several sc(]llcllccs/colllll) aI)(l loads would
l)c ia dcvclopmcat at the same time. ‘1’his coacama[
scqacacc  dcvclopmcal  cflor[  required a Iatgc. Scqacacc
‘J’ciiln (0 ~,cacratc and vali(lalc the mulliplc spacecraf t
scqllcl)ccs/collll)  Hlml loads.

la Col)lrasl, lhc. V 1 h 4  Scicacc objc.c(ivcs  aIKi

lcsullia~ instrumca( ()[)scrvali()as, along will] d)c
lilnilcxl flighl t e a m slaffi ag, lcd 10 n vcl-y d i f l c . r en t
scqacaciag s(ra(cgy  for the VIM. las[cad  of oac ol a
kind ac(ivitic.s, tl)c VIM is charactcri~cd primal ily b y
rcpc(i(ivc scicmcc ol~scrva[ions.

ltl rcslmnsc  (0 t h i s fudamcntal  clmagc ia
olxmwalioa rcqLiircmcmts, a scqacmcing shatc~y
comprised of four bnsic clcmcnts was devised aIKl
itnl)lcmca{cd  ia (hc firs(  year of the Vlh4 ( 1990). ‘1’hc
I’11 S( clc IIlc II( of this s(ra(cgy  is :i continuously c.xccu(ing
Scqllcacc o f  rcpc(itivc scicacc ollsclva(ioas aad
cn~, incminp,  calilmti(ms  called lhc “base.lim scqacncc.”
A  bascl inc scqucacc is s(orcd  omlmrd  cad spaccct af(
[lid cxm[a  ins lIIC inslrLd  ions nccdcd (0 acquire atd rclarn
(Ilc basic fields, parlic]cs  and waves scicacc  dala to lhc
g,rouml.  ‘J’llis scqLmcc will continue to cxccutc for (IIC
dLlwlioa 01 (1IC missioa wi(hou[ aay additional
Cmllll)allds froll) lIIC gl”olmd

‘J’hc scc(md  clcmcat of t h e  stralcgy i s  h a v i n g  t h e

poin(ing, inforlnatioa ncmssary 10 tmcp tlm botcsighl of
tl)c 1 li~ll [;ain Amcmna (ll(iA)  poin(c.d fit the 1 iar[h uatil
tllc ycal’ 2020 for Voyagcl  1 aa(l 2.()17 for Voyap,cr  2
slorcd  (m-board each spacecraft. ‘J’his provides tlIc
capl>ilily  ~or cont inuous collllllllllic:i(i{)ll with cm+
spaccctaf( witllou( fut[hcr  llGA poiatiag commands,

‘1’hc third  clcmca(  pmvidcs  tlm c a p a b i l i t y  o f
aut<tncalil]g  (hc baseline. scquc.ncc with non-rcpclitivc
scicncc or cag, inccring c.vcats using c.ithcr aa “overlay
scqucncc,”  or a “lllilli-sc(lLlcllcc. “ ‘1’hc  diflcrcacc bctwcca
lhcsc IWO (ypcs  of :lLlglllcl]t:llioll scqacaccs  is that (I1c
ow’rlay  scqacacc  opcralcs for a fixed iatclval of lime,
Clll I“clllly 6 111011 (}1s, aad coala ins al I of Ihc bascliac
scquc.ncc :itlg,l~lcl}t:l(iol~s for that (imc iatcrval, A lnini -
SC(lllCllCC is focused oa acco]npl ishiag a single
aagnlcnla[ion ncd and i s  not a  rcgalarly  scllc41alc41
nclivily I)at is dmc on an as-nccdcd  basis.

‘]’hC folll’(h  CICIIICI1(  iS thC USC of plC-dCfil)Cd  :UK]
validakxl blocks of Colnmaa(ls  (high level  SC(]LICllCillF,
I:ittguag,c.),  r a t h e r  than t h e  optimiycd scqLIcncc.  of
individual cotnmamls  (low level scqLmlciag laagaagc),
usc(l (larinp, (Ilc. prime. mission to accolnplish  (Ic.sid
slxuzmf( fandi(ms. Wllilc  lIIC USC. of prc-dcflncd I)locks
o f  colnlll/Imls  g r e a t l y  rcduccs  lhc cfl(nl rcquitc41  10

p,cIIcIalc ad val idalc a scqacncc of comlnaads, there is
an incf[icicacy in tl)c nambcr of memory W(MC1S  ncdcd
(0 accomplish) a givca fancti(m. l’or(unatcly,  the VIM
scicacc daki acquisilioa rcq L]iml]cnts  and available (m-
tmard Scqllcacc Sloragc IDcmo]y  Sllppwls [hc USC of pl’c-
(Icflllc(l  blocks or commands.

]Iascl inc Scqucmc

‘1’hc  hasclinc  sc41acncc i s  (I)c  SC1 o f  instrLlc[ions
S((NCI ia lhc CTS m e m o r y  and composed of  the
Icpclilivc  spacccraf(  activities that cxccatc con(iauous]y
to rctura the basic fields, par(ic]c.s,  and waves scicncc
data 1  ilcvcn  prc41cfIac41  s p a c e c r a f t  b]ock roLl[i  ncs

(cqaivalcal 1 0  sollwwc sLlbmatincs) a l s o  stotcd ia tllc

(’CX mcII)ory arc usc(t by the baseline scqucacc to
accolnplish  lllc (lcsirc41  spaccctaf( activi(ics. l)arins
1101  In:il opclali(ms, Cacl  1 spaccclafl }mf(m IIS the
followiag rcpclitivc  baseline. scqLIcacc scicacc  a n d
cagliaccring nclivilics:

●

●

●

●

●

●

✎

●

c(mliau(m  collcc(ion and rctura of cruise
scicncc dala al 160 bps;
wczkly rcmrdiag  of oac fmmc of high ra(c
plasma Wave dam;
playl)ack  of si x moalhs of rccmdcd high ralc
plasma wave dala every 6 months;
execution of a nlagac(omclcr calilmtioa  roll
I))aacuvct’  (M AGRO1  .) C.VCTy ~ ll)olIthS;
cxccatioa of a }Iigh Gaia AIIIcI)IIa/SuIl  Scasor
calilm(im maacuvcr (A SC;A1,) every 6 moI~IIIs;
cxccuti(m of a monlhly  I;iclds, l’arliclcs aa(l
Waves l’cri(dic linginccri!]g an(i Scicncc
[;alilmllioa  (})MIWA1 ,);
])ctfmm lYI’R Inain(caancc  lwicc a year;
pcrfortn gyro comlitioaiag  and a US timiag,
[CS1 every 3 months.

~)\,ctlf!y/h4it~- Sc(lllcllcq

Ovcday Scqllcaccs arc Used to augmc.nt t h e
continuously cxccati  ag b a s e l i n e  scqucncc aad am
pr~q)arcd  m a rc,gLllalty  schcdulcd basis, cLIrrca(ly every 6
Illoattls. ‘1’llc  ovci lay scqLIcacc  provi(lcs  a ]ncchanism
fw it]colll(~tttlitlg aoa-rcpctitivc scicacc and caginccring
cvcn(s 111(0 the spacccraf(  scqucncc-of-activities aad
CXCCLIICS  ia c(mlbinati(m with the baseline scqLlcacc.

‘1’ypical  cvca(s ia overlay scqLlc.tlccs  have inclu(lcd:

. ullraviolcl  slctlar an(t hcliosplwic  ohscrvati(ms;
● two ad(li(ional  h4A(il<Ol  x pcr yc.ar pcr

Spaccctafl;



. additional high rate plasma wave rccotds  aad
playbacks;

● I Y1’R playbacks 10 rc.cover da(:i whca a baseline
scqucmcc playback is aot captLItd  on Ihc g,round

● updates to tbc Backup Mission 1 mad or liaul(
l’ro[cc[im Algorithms;

. updates to the baseline scqucncc.

1 )uriag (I)c.  firs{  tbrcc ycats of the VIM, overlay
loads WCIC gcmcratcd  every 3 months  for cad spaccctaf(
Onc of tllc cf(ccls of t h e  1993 fligll(  lcaln s(affing,
tcdLw(im~ was tbc cxtcasion of tbc ovday  load dLlratioa
fl’oln 3 II)ontlls  (()  6 moatl)s. ‘1’l)c  most signif icant
scicncc data acquisition impact  of (I]is cx(casioa w:is [hc
cll’c.c(ivc halving of’ tllc acquisition of ultraviolet data al
d if ’fcrcal scaa pla( fmn positions througlmu(  lhc year.

‘1’llc.  acquisition of ul(taviolcl obscrvalims,  which
rcquirm pointing of tbc scaa pla[fmm,  is tbc pt imary
dtivcr 10I (I1c regular] y sd~cdulc41 ovctlay loads. Al ound
II)c Iura of (hc c.cmtury, Ibc available clcdrical powc.r
w i l l  no 10  IIgcI suppoll lbc opcralim  of Ihc  scan

pla[f(wm ml tlIC ul[raviolct  iasltumcnt.  AI Ibat [imc,
(1w usc of overlay scc]ucaccs  will probably cad aad miai  -

sc(lacaccs,  prcparc(l ( m  aa a s  ncc41c41 b a s i s ,  w i l l  bc. LIsc41

1 0  a u g m e n t  tl)c t )asc. f ine  scqLIcI)cc. Mini- scqucaccs  m
usually iatcadc(l  to pcrfm]] a siaglc specif ic  fLlnclioa
mlllcr tl~at~ tbc mullip]c f u n c t i o n s  pcrfmmcd I)y an
ovcl”kly  Scqllcmcc. A  milli-scqucacc  nmy bc LIscd 10
I“c}llay 1)’1’1{  p layback dala 1101  Captlll’cd [)1) tllc gl[)mcl,

rcsfwad to a spacecraft anomaly, mod aad playback
add i t i ona l  higtl Mc  plaslna wave  da t a  whcm (I)c
lcltninalioa  sl)ock i s  cacouatcml,  or d)cr scicmcc ot
caginccrin~, adivitics.

~l’l-ansmilling  the l)a(a to the Gr{md

‘1’IIc Voyag,ct la(crstclla] h4issioa  i s ,  will) MC
cxccl~lion,  a Ical (itnc dal;i a c q u i s i t i o n  and lc(wm
mission. A l l  scvca of (lIC opcratiag ias(rumc.als oa
cad) slmcccraf( arc continuously collecting dala and
ll:lllsfcll illgilto tllcl:l )Sforiill  lllc(li:ilc” Iraasmissioa to
liill(ll. ‘1’hc II OIIII:il mal tilnc transmission data ]atc is
l(>ol~its]>c.lsccollcl” (bps), including 10 bps ca~,iacciinp,
dala, l’criodicwlly  tbc rc.al time. dala Mtc is iimcascd (0
(W) bps 10 p r o v i d e ilwrcascd ulltaviolcl sf)cclral
lcsolution during  Solar lnmliloring,  obscmations.

‘1’l~col~ccxcc~>tio]l”  to mal tilnc data rctura is tha[
otma week on cad spaccuaf~, 48 sccoads of hi@ WC
(llS.2KlJIJs)ol}Jlzis111:i  w~iiccl:t(~ia rcl”ccc)t’(lc{lc )llto  tbc
1) ’1’1<. ‘1’llcsc data al’c played back Cvcl’y 6 1I1OII1I1S
poviding  iacmascd t e m p o r a l  and spcchal  rcsolutim
snapslmls  of tlm plasma wave in(’mnlalion.  ‘1’lmc  hip,f)
I;ilc Ill;isIll:I  \\I:I\JC> (lzi[:i l):l\'c ]llt)vi(lccltllc  plitnaty da[a f(n

tllc I’lasma Wave  Iavcs(lgatloa ‘1’cam’s  csllmalc 01 lhc
tcmina(ioa Sl)ock aa(l bcliopausc l o c a t i o n s .  ”  Rccmliag
ml playback of  bigb mtc plas]na wave dala wil l
coaliauc  unlil Illc years 20fo  (Voyager 1) and 2012
(Voyagct 2) wtlca tclcco]lll]]llllicati{)r]s  capability will
110 longct  su])pofl IIIC miaitnum playback data M(C of
1.4 Kbps.

fhptuting, {t]c Ihla oa lhc Gmmd

Rca] time tclcmclry  dat:i captarc. is accomplished
using34  mc(ct-trackiag  aatcanas o f  tbc l)SN. [taptLlrc
() ftllclligll  rtilc[>12\sIlla Yi'tik'c cl:ila, rcc1Llircs(llc usc o1”70
lnc(cr trackiag aatcaaas, ad ia so]nc ias(anccs a  IWO
antcaaa amy ofa 70 mclcr  and a 34 ]nclct an(caaa.

Scic.acc iavcstip,alion teams would  like to h a v e
contiguous data captur~ (’24 hours pcu day of kackiag
SLl]Jflol(f ol’Ca Ct)” spacccrafo (0 maximim  tbcrc ability to
clmraclcri7c lhc hcliosphcm  and lllc l]cliosphcric
pK~ccssc.s [bat am at work  in tbc outer solar s y s t e m .
(kmlinuous tracking suppml is  unlcalistic givcm t h e
n u m b e r  o f  curtcal aad fu[utc spaccuafl  utili7irlg Ibc
lXN’S anlcaaa rcsourccs. Sixlcca huts pm day o f
tr:icki]]g  sll[>]~or[f  orcacllsl>  :lcccfi~ft”  isthcpmjccl’s  tat.get
for scicacc data acquisition. ‘1’his  taty,cl bas bcca
acllicvablc in tbc pas[ hl the cxpcclcd  futarc inctcaw in
]nissioas bciag suppmlc.d b y  t h e  IJSN  nctwwks will
]csull ia l’cduccd trackillgslatioa  availability for ll~c two
Voyager spacccratl. As tracking suppor( is 1CCIUCC4L lhc.
abili[y to charactctim  lk hcliosplmic  mcdiunl i s
dcgtadcd.  Acccl>tal~lc ]]]illill]llll] scicacc data acquisition
]cquirc.meats vary bctwcca  12 aad 4 hours pcr day pcr
sl]:lcccral(  clc]>c.tl(lil]goll  tllcspcciflc  investigation.

lkliivcry IQ _Scict}ccLlll}’c. i!i&:llioll “1’cam

Scicacc data m: ptxwidcd  clcctloaically  to tbc
scicncc invcsli~a(ion (cams ia tl)c form ofa QLtick  I.mk
]ixl)crilnca[ l)a(a Rccml  (Qlil)R)  atd lixpcrilllcnt Da[a
]{ccord( ]{])]{). A  voya~,cl” 1 an(l VoyagcI’2 ~)lil~ll for
cacb scicacc  iavcstigalioa  is gcacmlcd  daify ( M o n d a y
tlltou~l)  liriday) containing the available. data siacc lhc
la$l Qlil)l< was  pl”()(hlcccl. Since. these products alc
prduccdia  llc:lr-rc:\l-ti]  l]c, gcllcrally witllil]24 IIwrs  o f
tllc data captutc, data gaps dac. to a varic.ty of gtmmd
l~lol)lcl~]sc:t llt~cl~lc.sct]t  in the <) Itl)l< ptoduct  OIlcc a
wc.ck (’I’hutsday),  111)1<s arc c3calcd for (I1c p r e v i o u s
weeks (rl’llurday  Ihrough Wc411msday)  data capture. III
this product, dala gaps rcsulling from  gImtad lmblcms
havcbccnllllcxl  to tl]c cxtcn( possible .  Whcm lhc fiad
lil)Rs  arc. availab]c, scicacc teams m no t i f i ed  by
clcclronic  mail. ‘lhc scicncc  teams then Icll-icvc tlm dala
at their cxmvcaicacc for futlhcr ptoccssias  and analysis.
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Spacmrafl h40nitot_Iit!d  Ckmtrol

Spacccrafl moai(or md coatml iacladcs t h e  real-
t i m e .  fLlactioas  nccc.ssary  10 moai(m spacccrail hcallh
(dowalitlk  faadims) ad to (raasmi(  aad v e r i f y
cotnmam]s  (Llplink fLlaclions). llLlring (Ilc ptimary

Voyagyt-  missioa Ilmc r e a l - t i m e  faactioas  WCIC
su]prlccl amuad the clock by flijjlt  t e a m  pCISOIIIKl,

With the dad flighl tcaI~I staff]ag (iariag, VIM aaci tlm
a c c e p t  ai~i lily of iacrcascci risk dar ing aa cxkwicii
missioa,  real-ti]m sappor(  is limitd (0 wcdday  iwitl)c
si]i ft aaci sixxial ofl-shi{l  cvc.nts  (com]naaciit),g,  I  )’1’1<
playbacks, aaci atlitmic nlatmavcrs). ‘Il)is  rc<lLlcc4i  WI-

Ii]l]c moaitotiag” Sllppo]”( was caabic(i by the
cicvcloptmm( and itlll>lclllclltalioll  o f  aa aakmWcd
tclcImtry  m o n i t o r i n g  too].  ‘1’ilis tool, VAh41’ll{li
(Voyager  Alaltn Moaitor  IYOCCSSW  lacla(iing Rcmo[c
I  lxaminat i r e ) ,  imccsscs  ti]c ixm(icas( tcicmclry da[a,

dctcds alarll) coa(iitioas,  aa(l  inilia(cs  coatact witl) 011-

cali pcrsoanci who lnay rcmotciy log oato tim
cnginccrin.g  workslatioa  via a swam  dial-back II IO(i CIII to
CVililliitC  IIU2  (CIClllC(ly dafa WilCl)  aaomaioas  con(iilioas
mxwf.  ‘1 ‘ilis automat ion tool has proved (0 bc valual~lc
i a maiatainia.g h i g h  lnissioa r e l i a b i l i t y  (iariag
sif,,nificant  (iownsi?ing,  of (IIC fiigh[  team slaffing level.

h4:tinlailliag sl):lccf!d( }Icaltil  .aM1.Safct y

Wlliie spacccratl  moai(m aa(i coalrol  is a Ica-tilnc

oi)ctati(ms  faac(ioa, maiataiaiag si)acccrafl  hLXIltiI aLKi
saldy  is a  noa-rcai-lilne  fuaclioa. 11  iaclu(ics:  li~c
aaaiysis  of cag, iaccrias  tclcmclry (ia[a [0 cslablisil  and
evaluate Subsyslcm pcrformmcc treads; the. pcrimiic
ial’ii~,h(  cxccLllioa aa(i analysis of sabsystcm caiibratims
awi cngincc.riap, tests; Ii)c idcatificalion aa(i aaalysis of
allolll alolls coadilims ml t h e  (ictcra]iaa[ioa of
rccolnmcadcd  corrcdivc adiom.

‘1’hc aualysis o f  caginccriag tcicmctry  (ia[a to
cslablish  an(i cvaiaatc subsystem pcrformaacc  heads is a
rc~ulady pcrforlncd  opcra[ioas  faaclioa. ‘1’hc  llNIX
worksla[ioas provicic  tahiar  and graphic SLIInmaI  ics of

lC.ill-lilllC O r  ar~’l}ivcd lclcmclt’y (iata. }  IOwcvcr, (hc

analysis ot’ ti~csc d a t a  relics on (I1C Systcn)  ml
subsyslcm cxpcrlisc rctaiacci by Ihc ia(iivi(iaal  fii~,hl
tc:lm mcmhcl”s. A s  the flight tCalH ]OOSCS  syslclll aIKi
sutwystcfn cxpc]-list (iac  10 tim rc(ircnlcn( of fli~hl Icaln ,--

nlaialaiaitlg  Sp:lCccrdt capat>iiilics. While smnc of
llicsc calilwalioas  aad tests ate inclLJdcci ia the bascliac
scqacacc,  tile nvljority arc iailiatcd fron~ the groaad  ia
cittmr an ovc.rtay scqLicacc or a miai-sc(]acnce.

‘1’hc i(icatiflcali(m  aa(i aaaiysis  o f  at)omalws
coltdi[iohs ad lhc cic(cll]litl:lliot] of rL’c(mlmcn{ic<i
corrcdivc actioas i s  a  faac(ioa thal i s  pcrformd
w’i Icac.vcr accdcd. It’s acc(~llllllisilll~cl~t is simiiar 10 tim
aaalysis o f  ctlgiac.criag (clemclry (iata, ia IIM1  it rtlics
oa lhc sys[cm aad sabsystcln cxpcr(isc of the iaciivi(iaal
fii.qllt team members. ‘J’o assist tiIc U: S/ii J)S aaaiys(,
tilclc is an aatomatc(i tool, h4AI{\’I  H .
(h40aitor/Aaaiy?cr  of Real-time Voyager lh]ginccriag
1 ,iati) tha( moai[ors Ul$/l;I)S (clcmc[ty  cia(a aaci
(iisplays oa a wmks(atioa scrcca any coadilions that am
I}ot as prcdictc(i. MARVliI.  performs ]imi(cci aaalysis oi’
the UX/I;l)S tclcmtry aad idca(ifics possible. causes of
tile. aaolllaioas coadi(ioa ard potcalial cmlcc[ivc  ac(ims
from lhc s(orcd kaowlcdgc lmc withia tile iwogr:im.

IIoth Sl):lcccldt  have omboarci coasalnablcs  that am
a(icqmtc to suppott spacecraft opcratioa uatii arouad (hc
ycat 2020.” I 1 ycira?iac.  propel Iaat, for allilu(ic com(rol,
and cicc[lical imvcr  arc [ilc t w o  major cmjsalllal)ics.
1 l(~th silacccraf( have over 35 k~ of ilycirazim  whicil
pl ovidc over 50 years of opcra(ion at tile cawcal usage.
talcs,

f ;Icc(ricai imwcr for t ilc V o y a g e r  siMIcccrafl  is
pluvi(ic(i hy Rrl’Gs  wllici) at lauacil i)rovicie(i = 470  watts

01 cicc[ricai  imwcr al 30 V(ic. 1 )ac (()  tllc ra(iimct ivc
decay of the p] utoai am fact source, tile clcclriuai power
I)ttwi(icci  hy tljc R’IGs  i s  coatiaualiy  dccliaing. 1 ‘Ilc
carrcat rate of ciccay is apimximatc]y  5.2 wa((s pcr year.
la ol(ier to maialaia  aa adcqaalc p o w e r  margia, it is
IIcccssary  to pctimiicali y rc<iuce tile spacccrail’s  p o w e r
usage, byturaing  off imwcr loacis. ‘1’able, 5 Sunlmaliy,cs
tllc key missioa cilaagcs rc.sai(ing  frmu tile p o w e r
Iccitlctiolll>l:lll. ‘I’hisplaa iwcscrvcs the operation of the
ficlcis, par(iclcs aad waves iastramcnts  (hIA(;,  1’1,S,
1.i;CI’, [11<S, I’WS, 1’I<A)  uatil approxilna[cly  2015 a t
wl]icil tilnc tilcy w i l l  tm turned ofl, (mc at a t i m e ,  as

tlcccssary. ‘1’hcotderof  tara-ofl’w  iii bc dcpca(ic.at  upoa
II)c  ias[rumcat stat Lls at that time.

mcll]t~crs  aa(i tile (iowasi~iag  of tile fiigilt team, it is
illlimalivc that au(omateci aaalysis (()()1s bc
il)lplcll~calc(i.  A n  Clfm( is cLIrIcatly uacicrway wilhia
tile fiigllt t e a m  to i(icatify po(ca(ial aalomatc(i
sLIiMyslcIu  aaalysis  t(m]s for fLlt Llrc. illl]llclllcllla(iolj.

EIicr  I<c(luclio!l

l-l

‘1’c([nimlc  UV dohi wquisilim)  and
SC; III )latl_uI  III oprt:lliot]s

(MAGROI.  & ASCAI.  C~!lbl:ltlOIK)

S(;il[lulllitlrofl  t’Iclds, Imr(icles  and
_y:tvcs  111<([11111(2[)1s

l’ctiodic iaflighl  caiii>tations and C]lg,inccl-ins  tcsls
a r c  usc(i fm v e r i f y i n g  spacccmfl  iwr[mnaacc,  aad ‘] ’a11ic5-  Key] ’owcr]< c(iLlclioll];Y’ ct]ls”



-Mission Adaptivity

While Voyager is primarily a real-time da(:i
acquisilim  atd rctara missioa, (wo [ypcs of scicacc data
acquisition aad rc.tara adaptivity cxisl. Bc)lII of [Iw.sc
calmbili[ics lmvc been sacccssfa]ly USC(1  dariag Ihc VIM.

‘1’lIc fiIsl  Or tlmc capabilities is (IE movcry  of a
higt] fa te  1’WS playl)ad  tlIa[ is not  cap[md witl]  Il)c

iai~ial playback. ‘1’hc rcspoasc to the loss Or a playback
is 10 scqacam a scc(m(l  playback prim (0 the Iimc whca
data m the. 1 Y1’1<  is ovcrwril(ca  with nc.w]y rccotdcd dala,
l;O1 aoril~al bascliac scqacacc. rccmliag  of I’WS dala this
allows 6 11101111)s ([) C’xcclllc a Scc(md playback.

‘1’hc sccoad of these capabil it ic.s is 10 immaw (I]c
fl’cqucncy of hipll ralc 1’WS records and playlmcks.  ‘1 ‘his
caa bc i n r e s p o n s e  10 a prcdicld  ICflniaa[ioa  s]mck
cmssiag  or iacrcascd plmna wave activity dLtriag ctLlisc.
II)cl”cascd plasma wave act ivi ty in 1992 aad 1993
rcsallcd i a incrcasiag the mwtd and playback ralc 10
ialpmvc (Ivc Icnlporal rcsolulioa of (I1C observed cvcal.

])rolccl  io~~gajas! SpaCGG[i~f!.l!flil  U!’GS

I  a 0 1  dct to nlaxi mim (Iu2 spncccmf( scicacc data
rc[ata  rel iabil i ty rOl an cxkmlcd mission wi[h lhc
polcatial of contiauin,g Lla[i] 20?(), autolna(ccl Sdcgll:llds
ag,aias( possible lllissiot~-cataslrollllic fidilL]fcs alL~
pr{)vidcd by each VOyagcr spacccdl. ‘1’IICSC Sa(-cguar(ls
itlcladc tlm ]lackap Missioa 1 mad aad aa(omatcd };aalt
l’mtcdioa  Algorithlns.

llackup Missioa l.md

‘1’l)c firs(  of [imsc safe.gLmrds is the ]lackup Missioa
1  mid (11h41.)  which providm oa-lmard  aaloma(cd
protection ag, ail~sl IIIC  loss of Commaad Icccptioa
Calxibilily.  ‘1’his  is especially important  rol Voyap,cr  2
WIWIC (I1c primary rcccivm Im already t_ailcd rcsalt i as ia
a sil~p,l  c-l~oit  ~l-()~-rililtllc  Collclilioa. Wi[hou[  command
rcccp(ion capal]ilily, tlw spacccraf(  must cmtinac  10
(q)cialc  with tl)c inslruc(iom prc.viously  s(orc(l ia (hc
~:(:s mctnol’y.  ‘J’hc IIM 1. l’CC(MlfigUICS  the s]mccct’af(  for
IIlaxilllalll lclccollllllLltlica{ic)tl aad alli(adc conlrol
rcliilbili(y and mmlifics  (hc base.line scqLMcc 10 coa[iauc
(I1C acquisi(im  aad Iransmissioa of fields, pmliclcs, and
waves scicncc dala as ]oag as the spaccmill conliaacs to
full{lion. K c y  I{MI / Ch:lll~,C.S  10 lhc spaccclaf(
cotlfl~>,[lt:ltioll” and baseline scqucncc iacludc:

●  sclcc[ion of atlitudc cxmtml  dcmlbaad to lnaxilnim
dowaliak (clcc{)lllllltltlicaliolls  capability;

●  inclcmc  y a w  ll)raslcr  p u l s e  datati(m f r o m  4 msc.c

(()  I O mscc (1’c(ura to n o r m a l  dutali(m):

.

.

●

sclcc[i(m of lhc 160 bps data ra(c for ma-lime
tclcmctly  (Ia(a ICtlllll;

sc.lcclioa  of X-band Iligll power rO1 dowal iak

Iclclnclry data tramnissioa;

tcmiaa(ioa  of a([i(uclc maacuvcrs (h4AGR01 ,s
and ASCAI  .s).

‘1’k l]MIJ will also tcmiaak gyro opctatioas  al
spccificd  t i m e s  whca Ihc prcdic[cd clcdrical  pmvcr
availability will no Iongct  sappott thcit opcta(ion  (2007
f{)]  Voya~cIl  :ill(12004folVc)yaSc.r2).  IY1’Rrccord  ml
l~l[lyl):lcks  ~illals()l )c.tcll~~it~atc( ll~ytl~cl]Ml,  wlm.a the
]mdictcd dowaliak lclccolllllltltli ctltiolls” pci formaacc  will
no ]oagcr sapport the playback ra(c of 1.4 kt~ps (’2010
kM Voyager 1 :lll(12012fotVoy:lg,cr2).

j(ault l’rotcctiol~AlgoritlltI~s

l;ach Voyap,c.r  s p a c e c r a f t  h:is ]Jaalt l’mlcc[ion
AISoritl]lns  (1~1’As) stord m-board ~hat arcdcsigacxl  10
rL’L’over IIlc spmcl’af( from olhcrwisc nlissi on-
ca(aslmpllic failures. ‘1’IE l;l’As am mostly
implcmcatcd  ia [hc [X3, wtlilc a fcw a r c  in(craclivc
wi(h t h e  AA(X fault protcc(ioa  mLl[incs. ‘1’able 6
(lc.scriI~cs  tl~cfl}cl ~J’Astl~at:  ircstorc(l  iatllc(_TS.

11’A N:i!i)c. . — .
A ACS
1’(IWCI  cock
l’jt)ccssi]lg,
F(”lltllllwl(l  –

I ,(1ss

..—.
I<ii(lio

l~l,quctlcy
I’OWCI  l,[>s\
R’s lil 1[11

I’(l!$C[
Kccovc[ y

. . . ..—

[l[C-I)I,)F,I (II  II II,CII  I’ccrvcly  Iusl)o]lscs in Illc

c\Jc  IIl of AA( ’S  a!lot)]alics

S\\,ilct]cs t{, lcclLllltl;!llt  coll]rlmnd  l~ccp[ion  —

Imldwarcuniis irl[lll cflc)r(  lc, [c-csttil)list]
col 1]1 II:IIId r~~ccl)tion capnt)ili[y  ifa COIIIIIIaIId  has
not twcrl Icccivcd  \vilt]i]l a s])ccif  (cd  Iill)c

itllclval (cu  IIc II(ly set al 42 d a y s )

hlolli(ols S  aIId X-band  cxcitci  crttd  (Iallsltli([c;
IIardwllc, and  s;vilcltcs  1(I lc(Iu IId:Inl Illlils  i f  ,1
failutc is dclcc(cd
I<csl)(lll(lst[lclilical aIIrrlllrrlous(X’S  ha[dwnk

——

[II)(I  sofltv[tr~. condilicrns.  I’hc lcsl)onse  typicnlly

stops  aIIy  om~,r)iog.  sc(]mlIcm  ac[ivilics, p l a c e s

(lIc (’(’S ill cr!ioo\vII quicsccn( s(~i(c  a[dl;,aitsfcrr

sll~cc\ldf(  lllldC!\,Oll:lg,C prrv,’cl (I(i]iza(io,]
con(lil  [on by Swltcl]inp,  1 0  rL,dun(l:lnl  lIaldw,aIc il~

aII allc IIIp( 1[) isolalc  aII clccllicnl fnull  and lhc[l
cli[llinNillg, pmvcr Ioadsi[l a pltdctcr!l~incd
]Ilom IcI if lLqui[cd —

‘1’ablc6-  Iiau](  l’rotcc(ion Al~,olithlns

VqaScr  l’mjcc( 110MC. l’~~c

](01” lllOl”C illf(U’llla(iOll  ald (})C  CUI’I”LHI[  Stat[Is  {)f (hC
Voyager ]Yojcc[, (I)c Wodd Wide Wcb address of tlm
VOyagCI }’ro~cct }Iomc l)agc is

l][(ll://vlaJlt(  ]r.jl]l.llas:i. g,()v/~()yagct/y  ()ya~cl.l~[tl~l
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